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AppUeationNo. )Q/69589I 
Reply to Action dated 4/27/DS 



REMARKS 

Favorable reconsideration and reexamination of this appMcation arc requested in view 
of the above amendments and the following remarks. Claims 1. 5. 7. 8, and 1M6 arehei^by 

amended. Claims 2 and 9-10 are canceled withomprqudice or disclaimer. Claims 17-21 are 
new. 

A Substitute Specification is enclosed herewith. The Specification is amended 
editotially. Claims 1. 7, 8, 11, 12. and 14-16 are amended editorially. Claim 1 is amended to 
include the subject matter of claim 2. Claims 5. 11, and 14-16 are amended to correct 
dependency. New claims 17-19 are supported by subject matter of claim 1 and Figure 1. The 
subject matter of new claim 19 reciting wherein "the output shaft is proximal to the pivot 
shaft, thereby suppressing any distance changed between the output shaft and an axis of the 
rear wheel when the swing arm structure swings left or right in relation to a front wheel of the 
bicycle", is supported by Figure 1 and page 13, line 29 to page 14. line 3. New claim 20 is 
supported, for example, by Figure 1 . New claim 21 is supported, for example, by page 7, 
lines 1 5-16 and page 9, line 28. 



Claims 9-13, 15, and 16 were r^ected as being anticipated by Ellsworth (US 
6,595,538). Claims 9-10 are canceled. Applicants are not conceding the correctness of the 
rejection as applied to claims 9-10. Ellsworth does not suggest both a gear change first band 
(that couples the drive rotational body with one of the gear-change bodies) and a second band 
(the transfers power from the output shaft to the rear wheel), as required by claim 17. Rather, 
EUsworfli teaches a single chain (see Figures 4A-4C). 

Further, as conceded by the Examber, Ellsworth does not suggest a transmission case 
and therefore could not suggest that a transmission case is attached to the front main frame. 

Even fiirther, Ellsworth does not suggest the features recited in new claims 18 and 19. 
Claim 1 8 requires that the output shaft is spaced forward from the crankshaft. Ellsworth 
teaches away from this requirement by disclosing an output shaft (D) that is provided behind 
the crankshaft. 
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Claim 19 further requires that the pivot shaft is provided forward torn the crankshaft 
and rearward from the output shaft. Ellsworth teaches away ftom the bicycle according to 
cla.m 1 9 by disclosing a pivot point (Q rearward fiom the craUcshaft and fbrwaitl ftom the 
output shaft (D). 

Even further, claim 19 requires the output shaft is proximal to the pivot shaft, thereby 
suppressing any distance change between the output shaft and an axis of the rear wheel when 
the swing arm structure swings left or right in relation to a front wheel of the bicycle. 
Ellsworth teaches away from the bicycle of claim 1 9 by teaching an output shaft (D) that is 
adjacent to the rear wheel (30) axis and removed from the pivot axis (C). See Figure 1 . 

Favorable reconsidering and reexamination of claims 1 M3, 15, and 16 and 
examination of new claims 17-19 are requested. 

Claims 1-3 and 6-8 were rejected as being unpatentable over Ellsworth in view of 
Lenoblc (US 5,976,052). Even if Lenoble teaches a transmission case, one knowledgeable in 
Ae art would not be motivated to combine the teachings of Ellsworth with that of Lenoblc. 
As conceded by the Examiner, Ellsworth does not suggest a transmission case enclosing the 
transmission and therefore could not suggest that one rotation body is supported by the 
transmission case as required by claim 1 . One knowledgeable in the art would appreciate that 
"supported by the transmission case" is not the same as being enclosed by the transmission 
case. 

Further, even if Ellsworth could be considered as teaching a gear-change band that 
couples a drive rotation body (driven by the crankshaft) to an operation rotation body, the 
reference does not suggest an output band that couples the output shaft (D) to the rear wheel 
(30). thereby transfenring power fiom the output shaft to the rear wheel. See Ellsworth 
Figure I which shows no coupling band provided between the rear pivot point (D) and wheel 
(30). 

Lenoble does not remedy the deficiencies of Ellsworth. Further, Lenoble does not 
suggest a bicycle including a drive rotation body that is drive-coupled to the operation 
rotation body by a gear-change band, as required by claim 1. The chain wheel (9) taught by 
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Lenobic is not driv^coupled by a gear-change band ^ element, but „.eshcs directly with ' 
the three spn>cket wheels (,) that comprise the chain wheel (9). Further, Lenoble does not 

suggestapivot section, so therefore cannot suggest that the pivot sectionis located wi^^ 
gear^hange band when Viewed from the side, as required by cto 1. TTk. claimed pivot 
section allows utilization of the space fonned inside of the gear-change band, thereby 
providing compact placement of the pivot section and the tr^smission to the bicycle body 
from without increasing the size of the transmission. 

Neither EUsworlh nor Lenoble suggest a bicycle wherein the pivot section is located 
within the gear-change band and output band when viewed from the side, as required by new 
claim 20. TTie claimed relationship between the bands provide for easy cng^ement of the 
bands to the sprockets, even if the bands derail from the sprockets. 

The comWnation of Ellsworth and Lenoble does not teach or suggest all the claimed 
elements. Therefore, favorable reconsideration and reexamination of claims 1-3 and 6-8 are 
requested. 

Claims 5 and 14 were rejected as being unpatentable over Ellsworth, m view of 
Lenoble, and further hi view of Kadaja (US 5,346.234). Kadaja does not remedy the 
deficiencies of Ellsworth and Lenoble, as previously noted. Applicants are not conceding the 
correctness of the rejection as appUsd to the rejected claims. Favorable reconsideration and 
reexamination of claims 5 and 14 are requested. 
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In view of the above, early issuance of a notice of allowance is soUcited Any 
questions n^ganiine this co«xnunication can be directed to the undesigned attorney, Curtis B 
Hamre, Reg. No. 29, 1 65, at (612)455-3802. 

Respectfully Submitted, 

Dated: Juiy£^, 2005 




Curtis B. Hamre 
Reg. No.: 29,165 

Hamre, Schumann, Mueller & Larson, P.C 
225 South Sixth Street 
Suite 2650 

Minneapolis, MN 55402 
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Patent 

MARKRD-T TP rnpv rvy c^T>F(:TrTr^1 TTOT T 

PICYCLR WTTH SWING ARM AMn transmksiom 

Field of the TiiYffnt.-i.n 
The present invention relates to a bicycle including a bicycle body fhime 
provided with a pivot section for supporting a swing aim to ftcely swing, and a 
transmission. 

Background of the Wn^j^n 
JP-A-2002-225776 discloses a bicycle including a swing ann pivotally 
supporting a rear wheel and a transmission. Tins bicycle is provided with a rear fifame 
(equivalent to a swing arm) supported to a main frame to freely swing, a shock absorber 
provided between the main frame and the rear frame, a pair of fix>nt sprockets provided 
coaxial to a crank having attached with pedals, a plurality of rear sprockets coupled to a 
rear hub, and a driving chain placed across the front sprockets and the rear sprockets. 
Gear changing is done by front and rear deraiUeurs moving the driving chain. 

One issue with diis design is that if the swmg center line of the rear frame is 
away from the rotation center line of the fyom sprocket, the distance between the center 
lines significantly changes when the rear frame swings, i.e., between the rotation center 
line of the front sprocket and the rotation center line of the rear sprocket. n,is causes the 
driving chain to sag a lot. If the driving chain sags due to the swinging rear frame at the 
time of gear change through operation of the deraiUeurs, it is difficult to change gears 
swiftly and reliably. 

Alternatively, the rear frame is suppotted in the vicinity of the crank in such a 
manner that the swing center line of the rear frame is located in the vicinity of the 
rotation center line of the front sprocket. Such a structure prevents the driving chain from 
sagging a lot even if the rear frame swings, and can lead to swift and reliable gear change 
to any desired gear position even while the rear frame is swinging. 
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H(yv.ever. the problem with the above conventional technology is that for the 
purpose of ensuring swift and reliable gear change by reducing the sag occuning to the 
dnving chain due to the swinging rear frame through operation of the derailleurs, the« i 
a need to place the swing center line of the rear frame in the vicinity of the crank. This 
reduces the flexibiUty of position placement for the tear frame to be pivotally supported 
to the bicycle body frame. As such, depending on where the pivotaUy-supporting 
position vwll be, the tear fhme and the bicycle body frame will be limited in design 
options. 



Summiirv nf t he Invention 
In an embodimetit. the present invention is directed to increasing the flexibility 
of position placement of a pivot section in a bicycle body frame while ensuring swiftness 
and reliability of gear changing even with the swing arm supported to the pivot section to 
freely swing. In another embodiment of the invention, the pivot section and a 
transmission are arranged on the bicycle body frame in a compact manner without 
increasing the transmission in si2e. 

In an embodiment, the invention is directed to a bicycle, comprising: a bicycle 
body frame provided with a pivot section for supporting, to freely swing, a swing arm 
pivotally supporting a rear wheel; and a transmission including: a drive rotation body to 
be rotation-driven by a crankshaft; and a plurality of gear-change rotation bodies, and in 
the transmission, the drive rotation body is drive-coupled by an operation rotation body 
alternatively selected from the plurality of gear-change rotation bodies by a gear shifting 
mechanism, in which the transmission includes: an output [axis] sh^ supported to be 
rotatable to a support member fixed to the bicycle body frame, and drive-coupled to the 
plurality of gear-change rotation bodies; and a gear-change [pulley] baid for drive- 
coupling the drive rotation body and the operation rotation body by being placed 
thereacross by the gear shifting mechanism, and the output [axis] slu^ is drive-coupled to 
the rear wheel via an ou^t [pulley] band . 

With such a structure, the drive rotation body is drive-coupled with the operation 
rotation body alternatively selected from the plurality of gear-change rotation bodies by a 

2 
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gear shiftmg mechanism using a gear^change [pulley] ^ differem ftom such an output 
[pulley] band as a driving chain used in the above-described conventional technology 
Further, the output [axis] ghaft to which the plunUity of gear-change rotation bodies are 
dnve-coupled is fixed to the bicycle body fhtme. n,e«foie. no sag occurs [to] ia the 
gear-change [puUey] feand even if the svnng aim swings. Also, to drive-couple the drive 
rotation body to the gear-change rotation bodies driven^oupled to the output [axis] ghafi 
drive-coupled to the output [pulley] feajd. is a flexible gearnshange [pulley] b^. 
Accordingly, the output [axis] shaft can be easily changed in position in the transmission 
even if there needs to catch up with the placement change occurred to the bicycle body 
ftame or the pivot section. What is better, the placement flexibility is also increased. In 
order to suppress any distance change between the rotation center line of the output [axis] 
^ and the rotation center line of the rear wheel when the swing arm swings, there only 
needs to place the pivot section in the vicinity of the output [axis] sh^ having better 
placement flexibiUty. Unlike the above conventional technology, this resultantly 
increases the placement flexibility of the pivot section required for suppressing the 
distance change between the center Unes. What is better, the [pulley] iand can be rather 
light in weight. 

According to an embodiment of the invention, the pivot section is located inside 
of the gear-change [pulley] band . 

With such a structure, utilizing a space formed inside of the gear-change [pulley] 
band, the pivot section can be fit in the area enclosed by the transmission when viewed 
from the side. This structure also aUows the pivot section to be placed across the space. 

Drawing s 

Fig. 1 is a left side schematic view of a bicycle in accordance with an 
embodiment of the invention. 

Fig. 2 is a sectional view of a transmission incorporated imo the bicycle of Fig. 1 
taken along line H-II of Fig. 3. 

Fig. 3 is a sectional view of the transmission incorporated into the bicycle of Fig. 
1 without a second case part, taken along luie m-III of Fig. 2. 
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Fig. 4 is a section view of a deraiilcur and a tensioner taken along line IV-IV of 

Fig. 3. 

Fig. 5 is a section view taken along line V-V Une of Fig. 2. 

Detailed Deseriptiftt. of the InvenHnn 
In an embodiment, a transmission includes a drive rotation body to be rotation- 
driven by a crankshaft, and a plurality of gear-change rotation bodies. The transmission 
is provided with an output [axis) sh^ supported to be rotatable to a support member 
fixed to the bicycle body frame, and drive-couplcd to the pluraUty of gear-change rotation 
bodies, and a gear-change [pulley] hand for drive^oupling the drive rotation body and 
the operation rotation body alternatively selected fix>m the plurality of gear^change 
rotation bodies by being placed thereacross by a gear shifting mechanism. The output 
[axis] shaft is drive-coupled to the rear wheel via an output [pulley] band, thereby 
preventing the gear-change [pulley] band fiom sagging even if the swing ann swings. 
This also can lead to swift and reliable gear change to any desired gear position by the 
gear shifting mechanism, ensuring gear change with swiftness and reliability. Further, 
for drive-coupling the operation rotation body and the drive rotation body, a flexible 
gear-change [pulley] band can be used This eases the placement change of the output 
[axis] shaft in the transmission, and leads to better placement flexibility. In order to 
suppress any distance change between the rotation center line of the output [axis] shafi 
and the rotation center line of the rear wheel when the swing arm swings, there only 
needs to place the pivot section in the vicinity of the output [axis] shaft having better 
placement flexibility. This resultantly increases the placement flexibility of the pivot 
section, leading to better design flexibility of the swing arm and the bicycle body fi^e. 
Moreover, the [pulley] band is rather light in weight, making the transmission light in 
weight. 

In an embodiment, the pivot section is located uiside of the gear-change [pulley] 
tend. This allows tiie placement of the pivot section utili2ang the space formed inside of 
the gear^hange [pulley] teai favorably leading to compact placement of the pivot 
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section and the transmission to the bicycle body frame without increasing the 

transmission in size. 

In the below, an embodiment of the present invention is described by referring to 
Figs. 1 to 5. 

Referring to Figs. 1 and 2. a bicycle B to which the present invention is appbed 
is one specifically designed for going downhill, and used for time competing games such 
as going down an unpaved logging course provided with high-speed comers and jumping 
sections on the drag road. 

A bicycle body frame F of the bicycle B is provided with a bead pipe 1 for 
supporting, for steering, a pair of horizontally-arranged front forks 5. the lower ends of 
which each axiaUy support a front wheel Wp. Also included are: a pair of horizontally- 
arranged main frames 2 both extending obliquely downward towards the rear from the 
head pipe 1; a down tube 3 locating below the main frames 2 and from the front end parts 
thereof, extending obliquely downward towards the rear; and a saddle frame 4 extending 
from the center parts of the main frames 2 to support a saddle 6. 

It should be noted here that, in this specification, expressions of "up and down", 
"front and rear", and "right and left" are those with reference to the bicycle, and 
corresponding to "up and down", "front and rear", and "right and left" of the bicycle. 
Further, viewing from the side means viewing from the right and left sides. 

To a pivot [axis] shaft 7 being a pivot section [provided] connected to rear parts 
2a of the main frames 2, supported to freely swing are front end parts 8a of a pair of 
horizontally-arranged swing anns 8 for pivotaUy supporting a rear wheel Wr via an axle 
9 attached to the rear end part thereof The swing aims 8 are coupled to the main frames 
2 via a suspension 10 including a compression spring 10a and a damper 10b, and thus can 
swing about the pivot [axis] shafi 7 in the vertical direction together vwth the rear wheel 

Wr. 

The bicycle B is provided with a crankshafl 1 1 and a power transmission unit 
including a transmission T and a driving foroe transmission mechanism. As shown in 
Fig. 1, the transmission T is placed in the lower part of the bicycle body frame F. between 
the rear parts 2a of the main frames 2 and a rear part 3a of the down mbe 3 locating in the 
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forwaixl part of the rear parts 2a, and fixed to a main [axis] afe^ 1 la of the crankshaft 1 1 
and the rear ends 2a and 3a. Viewing the bicycle down fix>m the above, i.e., with a plan 
view, the driving-force transmission mechanism is ananged on the right side, which is 
one side with respect to a bicycle body center line LI (see Fig. 2) being the center line of 
the bicycle body in the width direction (conesponding to the right and left diixxtions) of 
the bicycle B, and the transmission T. 

Referring also to Fig. 3, the transmission T includes a metal case 20 structured 
by a pair of horizontally-arranged first and second case parts 21 and 22 coupled to each 
other by a bolt Bl through a pluralily of bolt attachment sections 21a and 22a formed in 
the outer edge section. The case 20 is fixed to the main frames 2 and the down tube 3 in 
a pair of attachment sections 20a formed in the outer edge section using a bolt B2 being 
fixation means. 

The crankshaft 1 1 is provided with the main [axis] shaft 11 a so placed as to go 
through the lower part of the case 20 in the lateral direction, and a pair of crank aims 1 lb 
respectively coupled to the right and left end parts of the main [axis] shaft 1 la protruding 
outwardly from the case 20. To the crank anns lib, a pedal 12 (see Fig. 1) is each 
attached to fteely rotate. 

Overhead of the main [axis] shaft 1 1 a of the crankshaft 1 1 , and above the case 
20, the output [axis] shaft 24, the pivot [axis] shaft 7, and a deraiUeur [axis] shaft 61 of 
the transmission T are so placed as to extend in the lateral direction, i.e., their rotation 
center line L4. and center axis lines L2 and L5 are parallel to one another, and these lines 
L4, L2, and L5 are parallel to a rotation center line L3 of the crankshaft 11. The 
crankshaft 1 1 , the output [axis] shaft 24, the derailleur [axis] sh^ 61 , and the pivot [axis] 
sh^ 7 are so placed as to overlay one another in the lateral direction, and intersect with 
the bicycle body center line Ll with the plan view. 

The pivot [axis] sh^ 7 is fixed to the rear parts 2a of the main frames 2 by 
going through the inside of a pair of cylindrical bushings 1 3 retained by both a through 
hole 2c formed to pivot bosses 2b at the rear parts 2a of the main frames 2, and a through 
hole 23 formed by tube sections 21b and 22b of the first and second case parts 21 and 22. 
The swing arms « are both supported by the pivot [axis] slHsQ 7 to freely swing by, at the 
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right and left sides of the case 20, the ftxmt end parts 8« late^dly between the case 20 and 
the rear ends 2a of the main frames 2 being supported by the pivot [axis] shaft 7 
protruding outside of the case 20 via a collar 1 8 and a bearing 14. 

Referring to Fig. I, the output [axis] 24 and the pivot [axis] sli^ 7 are so 
ananged as to fit vdthin the rotation path of the crank ann I lb. Also, the output [axis] 
^ 24 and the pivot [axis] shafi 7 are placed with respect to the bicycle body tae F in 
such a mamier that the rotation center line L4 of the output [axis] shaft 24 locates in a 
virtual swing range on a virtual plane H including the swing center line L2 of the swing 
aims 8 (corresponding to the center axis line L2 of the pivot [axis] shaft 7). and a rotation 
center line L6 of the rear wheel Wr (corresponding to the center [axis] shaft line of the 
axle 9). That is, corresponding to the swing range of the swing arms 8, the virtual plane 
H swings about the swing center line L2 within the virtual swing range, while the rotation 
center line U of the output [axis] sbgfi 24 is located in this virtual swing range. 

Referring to Figs. 2 and 3, the output [axis] shaft 24 accommodated in the case 
20 includes a right end part 24a being one end part protruding outwardly from the second 
case part 22. To this right end part 24a, a driving sprocket 15 as an output drive rotation 
body is coupled. Referring also to Fig. 1, between the driving sprocket 15 and a driven 
sprocket 17 as an output driven rotation body drive-coupled to the rear wheel Wr, a chain 
16 is placed across as a flexible output [pulley] band. Herein, the driving sprocket 15, the 
chain 1 6, and the driven sprocket 17 Brpvide structure M the driving force transmission 
mechanism driving the rear wheel Wr as a driving wheel. 

In the below, a fiirther detailed description will be given mainly about the 
crankshaft 1 1, the transmission T. and a gear shifting mechanism M2. 

Referring to Figs. 2 and 3, the transmission T includes the case 20 and a gear 
change mechanism Ml placed inside the case 20. The crankshaft 1 1 is partially 
accommodated in the case 20 for retention therein, and the gear shifting mechanism M2 
attached to the case 20 for gear change of the gear change mechanism Ml to any desired 
gear position is coupled to the gear change mechanism Ml for operation. The gear 
change mechanism Ml is provided with a sliding mechanism, which will be described 
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later, a driving sprocket 3 1, a plui^ity of gear-ohangc sprockets 41 to 47. a chain, and the 
output [axis] shaft 24. 

The crankshaft 1 1 is supported by the case 20 to fieely rotate via the pair of 
horizontally-aiTanged bearings 25. The bearings 25 are provided tovwds the end parts of 
the main [axis) shaft U a, respectively, and retained in the case 20 by the case parts 21 
and 22 of the case 20. The main [axis] shaft 11a is provided with the driving sprocket 31 
as the drive rotation body between the bearings 25 coaxially to the main [axisj ^ 1 la. 
The driving sprocket 31 is drive-coupled to the main (axis] shsfi 11a via a one-direction 
clutch 32 being a component of the power transmission unit. The one-direction clutch 32 
including a clutch imjer 32a as a part of the main [axis] djaft 1 la with a clutch element 
32c sandwiched, and a clutch outer 32b as a part of an inner tube 34, which will be 
described later, transfers only the rotation of the crankshaft 1 1 in the forward direction 
AO to the drive sprocket 31 (the heading direction of the bicycle B). In the below, the 
forward direction of various [axes] shafts and sprockets when the crankshaft 1 1 rotates in 
the forward direction AO is denoted hy a reference chartcter AO. 

Between the one-direction clutch 32 and the driving sprocket 31, is the sliding 
mechanism aUowing the driving sprocket 31 to move in a direction A3 of the rotation 
center line L3 with respect to the main [axis] sh^ 11 a, and rotating together with the 
clutch outer 32b of the one-direction clutch 32. The sliding mechanism includes: the 
inner tube 34 as a part of the clutch outer 32b and to the outer radius of the main [axis] 
^ 1 la, coaxially supported to the main [axis] diaft Ua to freely rotate via a pair of 
bearings 33; an outer tube 35 provided coaxially to the inner tube 34 in the radial 
dh-ection of the inner tube 34; and an engagement mechanism 36 provided between the 
outer radius of the inner tube 34 and the inner radius of the outer tube 35. The outer tube 
35 is coupled with the driving sprocket 3 1 and a chain guide 37 by a bolt B3 to be a 
piece, and the driving sprocket 31, the chain guide 37, and the outer mbe 35 rotate 
together as a piece, and move together in the direction A3 of the rotation center line along 
the main [axis] shaft 1 la. 

The engagement mechanism 36 for allowing the imnCT tube 34 and the outer tube 
35 to rotate together, and allowing the driving sprocket 3 1 to move towards the direction 
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A3 of the rotation center Jine with respect to the inner tube 34 and the main [axis] shafi 
I la is structured by a pair of holding grooves 36a and 36b each formed to fece each other 
in the radial direction at the equal angle positions in the peripheral direction of the outer 
radius of the inner tube 34 and the inner radius of the outer tube 35, and a ball string 
composed of a plurality of balls 36c accommodated across in the holding grooves 36a 
and 36b to engage with the inner tube 34 and the outer tube 35 in the peripheral direction 
as an engagement element. The pair of the holding grooves 36a and 36b is pluraWy 
provided, and in this embodiment has five pairs. The width of each of the holding 
grooves 36a and 36b in the direction A3 of the rotation center line is so set as to be wider 
than the width of the ball string in the direction A3 of the rotation center line, and to 
allow the driving sprocket 31 to move in the direction A3 of the rotation center line in the 
movement range equal to the shifting movement range of a derailleur 60. which will be 
described later. For the purpose of defining the movement range of the driving sprocket 
3 J and the outer tube 35, the inner tube 34 and the outer tube 35 are provided, 
respectively, with fust stoppers 34a and 35a and second stoppers 34b and 35b for 
defining the movement of the ball string. 

The output [axis] shait 24 is rotatably $upported to the case 20 via a pair of 
horizontally-arranged right and left bearings 38 retained in the case 20 to the case parts 
21 and 22, respectively. In this sense, the case 20 is the supporting member fixed to the 
bicycle body fi-ame F to support the crankshaft 11 and the output [axis] shaft 24 to freely 
rotate. 

To the output [axis] shaft 24, a rotation body group composed of a plurality of 
gear-change rotation bodies is drive-coupled at the position intersecting with the bicycle 
body center line Ll with a plan view in such a manner as to rotate together with the 
output [axis] sh^ 24 between the bearings 38. In this embodiment, the rotation body 
group is a sprocket group 40 composed of the gear-change sprockets 41 to 47 as the 
seven difiFerent gear-change rotation bodies varying in diameter. These seven gear- 
change sprockets 41 to 47 are arranged in order, from the gear-change sprocket 41 for the 
first gear being the slowest speed to the gear-change sprocket 47 for the seventh gear 
being the festest speed, i.e.. fiom slow to fast, along the direction A4 of the rotation 
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center line L4. Those are spline-coupled coaxially to the output [axisj ^ 24 at the 
outer radius thereof. 

Between the driving sprocket 3 1 and an operation sprocket (gear-change 
sprocket 47 in Fig. 2) being one of the gear-change sprockets selected out of the sprocket 
group 40 by the gear shifting mechanism M2, a chain 48 as a flexible gear-change 
[pulley] bmd is placed across. With such a structure, the output [axis] ^ 24 is 
rotation^ven by the crankshaft 11 widi a gear^hange rate determined by the driving 
sprocket 31 and the operation sprocket drive-coupled via the chain 48. TTie power of the 
output taxis] ^ 24 is transmitted to die rear wheel Wr via the driving sprocket 1 5, the 
driven sprocket 17 (see Fig, 1), and the chain 16 wound around these sprockets 15 a^d 
17. 

The gear shifting mechanism M2 is provided with a gear-change operation 
mechanism 50. the derailleur 60 including a guide pulley 63, and a tensioner 70 including 
a tension pulley 72. The chain 48 is wound around the driving sprocket 3 1 , the operation 
sprocket, and the guide pulley 63 and the tension pulley 72 placed on the side towanis 
which the chain 48 sags. 

Refcfring also to Fig. ! , the gear-change operation mechanism 50 is provided 
with a gear-change operation member 5 1 exemplaiily structured by a gear-change lever 
operated by a driver, a wire 52 for operation-coupling the gear-change operation member 
5 1 and the derailleur 60 for transmitting the operation of the gear-change operation 
member 51 to the derailleur 60, and an outer tube 53 being a tube covering the wire 52 
and partially including an accordion part 53a. 

Referring to Figs. 2 to 5, the derailleur 60 is provided with a derailleur [axis] 
shaft 61 fixed to the case 20, a derailleur aim 62 engaged to the deraiUeur [axis] ^ 61 
to ficely slide, a guide pulley 63 as a guide rotation body supported to the dexaiUeur ann 
62 to freely rotate, and a return spring 64 as return means for having the derailleur arm 62 
return to its original position. 

One end part 61a of the derailleur [axis] 61 is supported to the first case 
part 21 via a cap 25 by engaging with the retention hole of the cap 25 coupled to the first 
case part 21 using a bolt (not shown). The other end part 6lb is supported to the second 
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case part 22 by engaging with the retention hole of the second case part 22. The one end 
part 6la formed with an insertion hole 61c into which the wiie 52 is inserted igd is 
latched with the other end part of a coil spring 66, one end part of which is latched with 
the cap 25. Such a coil spring 66 prevents the derailleur [axisj §&afi 61 from rotating 
with respect to the case 20. 

To the derailleur [axis] ^61, formed are an accommodation hole 6ld for 
accommodating a cylindrical operation element 54 coupled to the wire 52 using a 
setscrew 55 in such a manner as to be movable in the direction A5 of the center [axis] 
aMfl line L5, and a guiding hole 6 1 e being a guiding section for guiding a pin 62p as an 
operated element for moving the derailleur aim 62 by engaging with the operation 
element 54. The accommodation hole 61d is a cylindrical hole whose center [axis] shaft 
line is the center [axis] shaft line L5 of the derailleur [axis] shaft 61. The guiding hole 
61e is open towards the accommodation hole 61d, and structured by a pair of long holes 
opposing to each other in the nulial direction of the derailleur [axis] sh^ 61 . Each of the 
long holes is formed in such a helical manner as extending towards the direction A5 of 
the center [axis] sh^ line and displacing in the peripheral direction. The pin 62p is 
inserted into the guiding hole 61 e to engage with the derailleur [axis] shaft 61 (see Figs. 3 
and 5), and the shifting movement range being a moving range for the derailleur arm 62 
to shift the operation sprocket among the sprocket group 40 is defined by a first stopper 
61f stmctured by the rim part of one end part of the guiding hole 61e, a second stopper 
61g stmctured by the rim of the other end part of the guiding hole 6le, and a coil spring 
66. 

The derailleur arm 62 is provided with a cylindrical boss 62c engaging with the 
outer radius of the derailleur [axis] shaft 61 to freely slide, a pair of first and second aim 
parts 62a and 62b whose base end parts are compressed into the outer radius of the boss 
62c for fixation thereto, a rivet 62e provided at the tip parts of the arm parts 62a and 62b, 
and inserted into the inside of a collar 62d defining a gap between the ann parts 62a and 
62b for coupling Ae arm parts 62a and 62b as coupling member having the collar 
therebetween, and a support [axis] shaft 62f engaged to the outer radius of the rivet 62e to 
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support the guide pulley 63 to freely rotate between the first and second ann parts 62a 
and 62b. 

The pin 62p inserted into the guiding hole 61e is fixed to the deraiUeur am 62 
so that the deraUleur aim 62 moves, in the shifting movement mnge, on the deraUleur 
[axis] shaft 6nn the direction A5 of the center [axis] shaft line and the peripheral 
direction of the dexaiUeur [axis] shaft 61 responding to the operation of the gear-change 
operation member 5 1 . As a result, both end parts of the pin 62p going through a pair of 
trough holes 62cl of the boss 62c ate compressed into another pair of though holes 62bl 
fonned to the base end part of the second arm part 62b for fixation. At the tip part of the 
second atm part 62b, formed is a spring accommodation section 62b2 for accommodating 
a tension spring 73 of the tcnsioner 70. which wUl be described later. The tension spring 
73 is arranged in the accommodation section 62b2 so as to enclose the rivet 62e. 

Referring to Fig. 2, the return spring 64 being a compression coil spring is 
placed in the case 20 in such a manner that one end part thereof abuts to a spring 
receiving section of the cap 25, and the other end part thereof abuts to a spring receiving 
section of the first ami part 62a. When the deraiUeur arm 62 occupies the original 
position being the fastest gear position at which the chain 48 is wound around the gear- 
change sprocket 47, the return spring 64 so biases the deraiUeur arm 62 that the pin 62p is 
positioning at one end part of die guiding hole 61e to abut to the first stopper 6lf (see 
Fig. 4). 

In such a manner, responding to the operation of the gear-change operation 
member 51 , when the operation element 54 coupled to the wire 52 moves in the 
accommodation hole 61 d in the direction A5 of the center axis line, in the shifting 
movement range, the deraiUeur arm 62 translationally moves on the deraiUeur [axis] ^lafi 
61 in the direction A5 of the center axis line and swings about the deraiUeur [axis] stoft 
61 . This is due to the operation force genemted by the engagement with the operation 
element 54 moving against the spring force of the return spring 64, and the spring force 
of the return spring 64 actuating via the deraiUeur arm 62. 

Then, depending on the gear position of the deraiUeur ann 62, the chain 48 
guided by the guide pulley 63 moving together with the deraiUeur aim 62 occupying the 
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gear position determined by the operation amount of the gear-changc operation member 
5 1 » wound a«,und the operation sprocket alternatively selected &om the spn>cket group 
40, and thus the driving sprocket 31 and the operatiotj spnxket are drive-coupled together 
by the chain 48. 

At this time, the shape of the guiding hole 61e is so set that the deraiUeur arm 62 
and the guide fpulley] band 63 occupy, depending on the geat-change sprockets 41 to 47 
varying in outer diameter according to the gear position, the positions as close as possible 
to the operation sprocket, and the positions as close as possible to Hie output [axis] « 
24. Thus, as shown in Fig. 3, the tip part of the dewillem- aim 62 and the guide pulley 63 
occupy the lowest position ctosest to the output [axis] shaft 24 in the radial direction 
among the seventh gear positions at which chain 48 is wound around the gear-change 
spiockct 47 whose outer diameter is the smallest among the gear-change sprockets 41 to 
47 varying in outer diameter, i.e.. addendum circle diameter. As the derailleur ann 62 
moves closer to the gear position on the slower side, they move away from the output 
[axis] slffifi 24 by degrees, and occupy the highest position being the farthest position 
(torn the ou^ut [axis] shag 24 in the radial direction at the first gear position at which the 
chain 48 is womid around the gear-change sprocket 41 whose outer diameter is the largest 
among the sprocket group 40. 

Refeiring to Figs. 3 and 4, the tensioner 70 is provided with a holder 71 
rotatably supported to the support [axis] diaft 62f of the derailleur ann 62 between the 
first and second aim parts 62a and 62b. a tension [pulley] band 72 as a tension rotation 
body rotatably supported to the holder 71, and a tension spring 73. TTie holder 71 is 
provided with a pair of first and second anns 71a and 71b whose base end parts are 
engaged to the outer radius of the support [axis] 62f to fi^ly swing, a collar 71c 
provided at the tip parts of the anns 7la and 71 b to define a gap between the arms 71a 
and 71b. and provided to serve as a support [axis of] shaft for the tension puUey 72, a 
rivet 71d inserted into the inside of the collar 71c to couple the anns 71a and 71b as a 
coupling member with the collar 71c therebetween, and a bearing 71e compressed into 
the outer radius of the collar 71c. 
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The tension pulley band 72 is rotatably supported to the collar 71c between the 
first and second arms 71 a and 71b via the bearing 71 e. Using the Gist and second aims 
71a and 71b as a chain guide, the chain 48 is wound around the guide [pulley] band 63 
and the tension pulley band 72. 

As shown in Fig. 3. one end part 73a of the tension spring 73 being a r«tum coil 
spring is latched with the second arm part 62b. and the other end part 73b is latched with 
the second arm 71b of the tensioner 70. Due to the spring force, the holder 71, and the 
tension pulley band 72 are biased to provide the chain 48 with almost constant tension. 

Refisiring to Fig. 3, vAen viewed ftom the side, the pivot [axis] shafi^ 7 fixed to 
the rear parts 2a of the pair of main frames 2 is located inside of the chain 48, and passing 
through a space formed inside of the chain to protrude from the case 20 in the lateral 
direction (see also Fig. 2). The pivot [axis] shaft 7 is then placed as close as possible to 
the output [axis] sh^ 24 in the rear of the output [axis] sfeafi 24 provided with the 
sprocket group 40. This placement is for suppressing any distance change as much as 
possible, when the swing arms 8 swing, between the rotation center line 14 of the output 
[axis] iiaft 24 and the rotation center line L6 of the rear wheel Wr (see Fig. 1). Further, 
tfie guide pulley 63 and flie tension pulley 72 supported by the derailleur arm 62 freely 
swing about the derailleur [axis] shaft 61 placed directly above the output [axis] shaft 24 
are placed in the case 20 utilizing the space formed in the rear of the output [axis] shaft 
24. 

As shown in Figs. 2 and 3, when the gear-change sprocket 47 is selected as the 
operation sprocket out of the sprocket group 40 by the derailleur 60 including the 
derailleur arm 62 at the original position, the crankshaft 1 1 rotating in the forward 
direction AO responding to the driver's depressing the pedals rotate-drives the driving 
sprocket 31 via the one-direction clutch 32. The driving sprocket 31 rotate-drives the 
gear^change sprocket 47, the output [axis] shaft 24, and the driving sprocket 15 at the 
gear-change rate determined by these sprockets 31 and 47 via the chain 48. The driving 
sprocket 15 rotate-drives the driven sprocket 17 (see Fig. 1 ) and the rear wheel Wr via 
the chain 16. In such a structure, the driving force of the crankshaft 1 1 to be lotate- 
driven by the driver is transmitted to the output [axis] shaft 24 via the driving sprocket 
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3 1, the chain 48, and the gear-change sprocket 47. The power force of the output [axis] 
sm 24 is then transmitted to the rear wheel via the driving force transmission 
mechanism, thereby rendering the bicycle B run at seventh gear position. 

In order to shift the gear position ftom the original position by the deniilleur 60, 
viien the gear-change operation member 51 is so operated as to select, as the operation ' 
sprocket, the gear-change sprockets 41 to 46 locating at the lower speed side. e.g,. the 
gear-change sprocket 41 , the operation element 54 moving leftward in Fig. 2 in the 
direction A5 of the center axis line by the wbe 52 pushes the pin 62p. This moves the pin 
62p from the first stopper 61f to the position abutting to the second stopper 61g. At this 
time, the deiaiUeur arm 62 and the guide pulley 63 moving together with the pin 62p 
move on the deraiileur [axis] shaft 61 leftward in Fig. 2 in the direction A5 of the center 
axis line, and swing in the clock direction in Fig. 3 about the deraUlew [axis] shaft 61. 
At the time point when the pin 62p abuts to the second stopper 61g, occupied is the first 
gear position being the gear position indicated by the two-dotted lines in Figs, 2 and 3. 
Fig. 5 shows the state in which the pin 6lp is in at this tune by the two-dotted lines. 

When the deraiileur arm 62 moves, the chain 48 moving leftward in Fig. 2 
together with the guide pulley 63 simultaneously moves the driving sprocket 31 movable 
in the above movement range by the sliding mechanism leftward in the direction A3 of 
the rotation center line with respect to the main [axis] shaft 1 la of the crankshaft 1 1 
together with the outer tube 35. At the time when the pin 62p abuts to the second stopper 
61g, the driving sprocket 3 1 occupies the position indicated by the two-dotted Unes of 
Fig. 2. At this time, the chain 48 is wound around the gear-change sprocket 4 1 for drive- 
coupling with the driving sprocket 31 via the chain 48. The tension pulley 72 occupies 
the position providmg almost constant tension to the chain 48 by the tension spring 73. 

When the gear-change operation member 51 is so operated that the operation 
sprocket is selected from the gear-change sprockets 42 to 47 on the faster side than the 
gear-change sprocket 41. and when the wire 52 is loosened, the r«tum spring 64 moves 
the deraiileur arm 62 towards the original position. Then, the guide puUey 63 selects the 
gear-change sprockets 42 to 47 on the lower speed side as the operation sprocket, and the 
chain 48 is wound around the operation sprocket. At this time, simultaneously vdien the 
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derailleur ann 62 moves, the chain 48 moves the driving sprocket 31 in the direction A3 
of the rotation center line to the position conesponding to the new gear position. Then, 
the bicycle B runs at the gear-change rate at the new gear position. 

Similarly, when changing the gearposition. the derailleur ann 62, the guide 
pulley 63. and the tension pulley 72 move towards any desired gear position responding 
to the operation of the gear^hange operation member 51. Simultaneously therewith, the 
driving sprocket 3 1 also moves on the main [axis] sjjaft 1 1 a following the movement of 
the deraiUeur ann 62. Hien, by the derailleur 60, selected is one operation sp«>cket 
corresponding to any desired gear position from the sprocket group 40. The driving 
sprocket 31 and the operation sprocket are then drive-coupled via the chain 48. 

As such, following the movement of the derailleur arm 62 to shift the gear 
position, by the driving sprocket 3 1 moving in the same direction as the translational 
movement of the derailleur ann 62 in the above shifting movement range, gear change 
can be swiftly done to the selected gear-change sprockets 41 to 47 with rapidity and 
reliability even if the gap between the driving sprocket 3 1 and the sprocket group 40 is 
nanowed down. Thus, the transmission T can be reduced in size, and in the resulting 
small transmission T. gear change can be swiftly done to any desired gear position with 
reliability. 

When the deraUIeur ann 62 moves in the above shifting movement range, the 
derailleur am. 62, the guide pulley 63. and the tensioner 70 are always, in the vertical 
direction, locating below almost the highest part of the derailleur [axis] sh^ 61 
positioning directly above the output [axis] shaft 24 and the sprocket gtoup 40. In the 
fore-and-aft direction, those are always placed among the tail part of the driving sprocket 
31. and the tip parts of the output [axis] sfeaft 24 and the derailleur [axis] diaft 61. With 
such a positioning, the derailleur ann 62. the guide puUey 63, and the tensioner 70 ^ so 
placed as to fit in the range in the fore-and-aft direction and the vertical direction defined 
by the placement of the driving sprocket 3 1 coaxial to the main [axis] sh^ 1 la of the 
crankshaft 1 1 , and the sptpcket group 40 coaxial to the output [axis] shaft 24. Therefore, 
the case 20, and the transmission T can be successfiilly reduced in size. 
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The transmission T includes the driving sprocket 3 1 rotate-driven by the 
crankshaft 11, and a plurality of gear-change sprockets 41 to 47. TTaerein. also provided 
are: the output [axis] shaft 24 rotatably supported to the case 20 fixed to the bicycle body 
frame F, and drive-coupled to the gear-change sprockets 41 to 47; and the chain 48 
placed across the operation sprocket as a result of alternative selection made fiom the 
sprocket group 40 by the deraillcur 60 and the driving sprocket 3 1 for drive-coupling 
therebetween. The output [axis] sh^ 24 is drivenioupled to the rear wheel Wr via the 
chain 16, whereby the driving sprocket 31 and the operation sprocket are drive-coupled 
by the chain 48 for gear change different from the chain 16. Further, the output [axis] 
Shafi 24 to which the pluraUty of geaischange sprockets 41 to 47 are drive-coupled are 
fixed to the bicycle body fhune F via the case 20. Such a structuie prevents the chain 48 
from sagging even if the swing arms 8 swing, leading to sv«ft and reliable shifting to any 
desired gear position by the deraiUeur 60. and ensuring gear change with swiftness and 
reliability. Further, the chain 48 is used to drive-couplc the driving sprocket 31 with the 
opemtion sprocket drive-coupled to the output [axis] shaft 24 drive-coupled with the 
chain 16. This eases placement change of the output [axis] sh^ 24 in the transmission T 
to catch up with the position change of the bicycle body frame F and the pivot [axis] shaft 
7, for example. What is better, the placement flexibility is also increased. Moi*over,in 
order to suppress any distance change between the rotation center line L4 of the output 
[axis] shaft 24 and the rotation center line L6 of the rear wheel when the swing arms 
8 swing, there only needs to place the pivot [axis] shaft 7 in the vicinity of the output 
[axis] sliafi 24 having better placement flexibility as described above. This tesuhantly 
increases the placement flexibility of the pivot [axis] shaft 7, leading to better design 
flexibility of the swing amis 8 and the bicycle body frame F. Moreover, the chain 48 is 
rather light in weight, making the transmission T light in weight. 

The rotation center line L4 of the output [axis shaft 24 locates] shaft 24 is 
IfiSSted in the virtual movement ran ge defined corresponding to the swing range of the 
swing aims 8. This can suppress the distance change between the center lines in the 
swing range of the swing arms 8 to a greater degree. 
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The transmission T can be reduced in cost by adopting the chain 48 and the 
gear-change mechanism Ml simple in structure using the sprocket group 40 composed of 
a plurality of gear^hange sprockets conventionally widely used for the bicycle as the 
gear-change rotation body. 

When viewed from the side, the pivot [axis] shflfi 7 is located inside of the chain 
48 of the transmission T. This allows the pivot [axis] ^ 7 to fit in the area enclosed by 
the transmission T utilizing the space fomied inside of the chain 48 when viewed ftom 
the side, favorably leading to compact placement of the pivot (axis] shafi 7 and the 
transmission T to the bicycle body frame F without incnjasing the tmnsmission T in size. 
Further, the pivot [axis] shaft 7 going through the transmission T in the width direction is 
placed across the above space. TWs eliminates the need for separately forming a space 
for making the pivot [axis] 7 pass thifugh the transmission T to avoid interference 
between the pivot [axis] « 7 and the components of the transmission T such as the 

gear-change mechanism Ml. Also m this wspect. the transmission T can be prevented 
from being increased in size. 

It will be appreciated that many things can be varied without deviating from the 
scope and spirit of the invention. For example, the case 20 of the transmission T may be 
made of synthetic resin. The transmission T may not be provided with the case 20. and if 
this is the case, the crankshaft 1 1 . the output [axis] shafi 24, and the detaiUeur 60 are 
attached to the bicycle body frame F or supported to the bicycle body frame F via a 
supportmg member such as a bmcket formed as a piece with the bicycle body frame F. 
The swing arm may be singularly provided, either right or left. 

As the gear-change [pulley] band, a beh may be used, and as the drive rotation 
body and the gear-change rotation body, pulleys may be used. Further, as the [pulley] 
hssd for output to the rear ^^eel Wr. a circular belt may be used, and as the drive 
rotation body for output and the driven rotation body for output, pulleys may be used. As 
to the pivot section, there is no need to be a single member passing through the 
transmission T in the width direction as the pivot [axis] shrfl 7. and may be multiple 
members. 
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